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INSTRUCTIONS 

●​ Answer question One (Compulsory) and any other Two questions. 

Useful data 
c = 3.0 ×108 m/s 
h = 6.626 ×10-34 J.S 
 
QUESTION ONE (30 MARKS) 

a)​ Differentiate between the following: 
(i)​ Adsorption and partition chromatography​ ​ ​ ​ ​ (2 marks) 
(ii)​Bathochromic and hypsochromic shift​ ​ ​ ​ ​ ​ (2 marks) 

b)​Explain the principle of size exclusion chromatography.​ ​ ​ ​ (3 marks) 
c)​ A 0.1 M solution of acid was used to titrate 10 ml of 0.1 M solution of alkali and the following 

volumes of acid were recorded: 
9.88, 10.18, 10.23, 10.39, 10.21 ml 
Calculate the 95% confidence limits of the mean and use them to decide whether there is any 
evidence of systematic error.​ ​ ​ ​ ​ ​ ​ ​ (5 marks) 

d)​State the advantages of inductively coupled plasma compared with flame in atomic spectroscopy.  
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 
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e)​ Based solely on molecular polarity, predict the most likely order of elution for the following 
compounds in a reversed phase chromatographic experiment. Justify your choice of the order. ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 

 

f)​ Briefly explain how temperature programming improves separation in gas chromatography 
(GC).​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (3 marks) 

g)​The following diagram shows the results of a simple thin layer chromatography (TLC) 
experiment. 

 
(i)​ Describe briefly the procedure that would have been followed in order to obtain the above TLC 

chromatogram, assuming that a suitable thin layer chromatography plate was provided.(2 
marks) 

(ii)​ Describe briefly how the retardation factor (Rf)value for each of the spots on the above 
chromatogram would be determined.​ ​ ​ ​ ​ ​ (1 mark) 

(iii)​ TLC technique can be used to identify particular amino acids in a mixture of amino acids. 
However, the chromatograms obtained are colourless. State a staining reagent that can be used 
to spray the plate to make the spots visible.​​ ​ ​ ​ ​ (1 mark) 

 
h)​ In a hydrogen-oxygen flame, the atomic absorption signal for iron decreases in the presence of 

large concentrations of sulfate ions. 
(i)​ Suggest an explanation for this observation.​ ​ ​ ​ ​ (1 mark) 
(ii)​Discuss two methods that can be used to overcome the potential interference of sulfate in a 

quantitative determination of iron.​ ​ ​ ​ ​ ​ (4 marks) 
 

i)​ A sample of pure vitamin A has λmax = 325 nm. Its molar absorptivity is 50,100 M-1cm-1 and the 
path length is 1 cm. Using a spectrophotometer, the obtained value of absorbance at 325 nm is 
0.735. Determine the concentration of the sample.​ ​ ​ ​ ​ (2 marks) 
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QUESTION TWO (20 MARKS) 
a)​ Briefly explain why atomic emission is more sensitive to flame instability than atomic 

absorption.​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 
b)​Discuss the following types of interferences in atomic spectroscopy and discuss the methods to 

compensate for each interference.  
(i)​ Matrix interference​ ​ ​ ​ ​ ​ ​ ​ (5 marks) 
(ii)​ Ionization interferences​ ​ ​ ​ ​ ​ ​ ​ (4 marks) 

c)​ Describe the basic difference between atomic emission and atomic absorption spectroscopy.​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 

d)​Discuss the atomization process in atomic absorption spectroscopy with specific reference to the 
analysis of an aqueous MgCl2 solution.​ ​ ​ ​ ​ ​ (5 marks) 

e)​ Briefly explain the potential advantages of derivatization of analytes prior to gas chromatography 
(GC) analysis.​​ ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 

 
QUESTION THREE (20 MARKS) 

a)​ In the analysis of some analgesic preparations using a polar stationary phase and a mobile phase 
composed of 10% water and 90% methanol, four compounds were seen to elute in the following 
order: caffeine, acetaminophen, aspirin, ibuprofen. The last two compounds were widely 
separated by several minutes. Briefly explain how the time required for the experiment can be 
decreased while maintaining adequate resolution.​ ​ ​ ​ ​ (2 marks) 

b)​The following data was obtained during liquid chromatography analysis of acetaminophen, a 
headache medicine. The column was a C18, the mobile phase was 50:50 methanol: water, and the 
detector was UV-Vis spectrometer (output measured in absorbance). The detector response for 
five different standards and a sample is presented in the following table. 
 
Concentration (ppm) Absorbance 

1.00 0.098 

2.00 0.211 

4.00 0.402 

8.00 0.699 

10.00 0.881 

Sample 0.296 

(i)​ Calculate the slope and intercept of the regression line.​​ ​ ​ (5 marks) 
(ii)​ Determine the equation of the regression line for the above data.​ ​ (1 mark) 
(iii)​Determine the concentration of acetaminophen in the sample.​ ​ ​ (1 mark) 

c)​ Explain why a thermal conductivity detector respond to all analytes except the carrier gas while 
flame ionization detector is not a universal detector.​​ ​ ​ ​ (4 marks) 

d)​Acetone shows UV absorption maxima at λmax 280 nm ( max = 15) and λmax 190 nm ( max =100). ε ε
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(i)​ Identify the electronic transition for each. ​ ​ ​ ​ ​ (2 marks) 
(ii)​ Identify the absorption that is more intense. ​ ​ ​ ​ ​ (1 mark) 

e)​ Sodium vapor lamps are commonly used to illuminate highways because of their intense 
yellow-orange emissions at 589 nm. 

(i)​ Calculate the energy, in joules, of one photon of this light.​ ​ ​ (2 marks) 
(ii)​Calculate the energy, in kilojoules, of one mole of such photons.​​ ​ (2 marks) 
 

QUESTION FOUR (20 MARKS) 
a)​ Compounds E and F were separated on a 1.0 m column. Symmetrical peaks were obtained  

and the retention times and peak widths at the base are shown below: 
 Retention time Peak width at base/min 
Non-retained compound 1.4 - 
Compound E 16.0 1.07 
Compound F 17.1 1.10 
Calculate; 

(I)​ The capacity factor and selectivity factor for compounds E and F.​ ​ (4 marks) 
(II)​ The ​resolution between the peaks.​​ ​ ​ ​ ​ ​ (2 mark) 

(III)​ The number of theoretical plates for the compounds E and F​ ​ ​ (2 ½ marks) 
(IV)​ The plate height in mm for compounds E and F​ ​ ​ ​ ​ (1 ½ mark) 

b)​Briefly explain why internal standard method is the most appropriate in flame emission methods 
where variations in aspiration rate are expected.​ ​ ​ ​ ​ (2 marks) 

c)​ In a series of experiments on the determination of tin in foodstuffs, samples were boiled with 
hydrochloric acid under reflux for different times. Some of the results are shown below: 

Refluxing Time (Min) Tin Found (mgkg-1) 
30 55, 57, 59, 56, 56, 59 
75 57, 55, 58, 59, 59, 59 
Test whether the mean amount of tin found differ significantly for the two boiling times. 

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​  (8 marks) 

 

--------------------------------------------------------------------------------------------------------------------- 
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